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New fluorinated polyhedral oligomeric silsesquioxane
(F-POSS) structures possessing a high degree of hydrophobicity
have been prepared via a facile corner-capping methodology.

Polyhedral oligomeric silsesquioxane (POSS) compounds, com-
prised of a functionalized silicon—oxygen core framework, have
received much interest as robust nanometer-sized building blocks
for the development of high performance materials. Notable
applications include surface-modified supports,' semiconducting
materials,” atomic oxygen-resistant coatings’ and high use-
temperature composites.* A plethora of POSS compounds with
the general formula (RSiO 5)g can be prepared that possess a rigid,
cubic core through either the acid- or base-catalyzed condensation
of functionalized organosilane precursors (e.g., RSiCl; or
RSi(OMe);).” Derivatized POSS compounds can be incorporated
into polymers, producing blended composites® and copolymers.’
Furthermore, incompletely condensed cages have also been used as
models to study heterogeneous catalyst supports.® Collectively,
these hybrid organic-inorganic systems show an improvement in
polymer properties, such as glass transition temperature, mechan-
ical toughness, chemical resistance, ease of processing and fire
resistance.

Attempts to fabricate low energy surfaces by mimicking
biological organisms to produce ultrahydrophobic materials
continues to gain interest.” Of particular interest, many plant
species, including the lotus leaf, exhibit a peculiar self-cleaning
mechanism as the result of micron-sized nodes decorated on the
surface of the leaf.'® Coined the “lotus effect,” the intrinsic non-
wetting mechanism induces water beading, and water is naturally
repelled from the surface, removing any foreign debris.'’ In
addition, insect species such as the Water Strider possess oriented,
spindled microsetae that induce a non-wetting effect, allowing this
class of spider to walk on the surface of water.!? There are many
reported approaches that successfully produce artificial, biologi-
cally replicating, non-wetting surfaces. These methods include self-
assembly'® and chemical deposition'* of low surface energy
molecules, fabrication of micron-sized ordered arrays by litho-
graphy,'> and etching of a surface to generate nanometer- and
micron-sized roughness.'® However, there remains a need to
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prepare scalable low surface energy materials, since these
approaches produce materials that often require aggressive
chemical and/or thermal treatments, employ arduous patterning
methods, produce inhomogeneous layered surfaces or generate
poorly adhering coatings.

Herein, we present a new class of low surface energy POSS
compounds that possess a shell of fluoroalkyl appendages
encompassing the nanometer-sized POSS core. The products were
prepared from commercially available materials and are amenable
to scale-up to 100 g quantities. By utilizing the ability to
functionalize POSS templates, the formulation of such fluorine-
functionalized silsesquioxanes demonstrates a high degree of water
repellency and exhibits a non-wetting behavior towards hydro-
carbons. We introduce here these thermally robust POSS materials
as low surface energy compatibilizers for solvent, melt or
mechanical blending into polymer systems. Using these fluorinated
POSS (F-POSS) compounds as modifiers for polymer blending
could potentially yield water- and oil-repellant nanocomposites.

F-POSS compounds 2-7 were prepared by the condensation
“corner-capping” of the hepta(3,3,3-trifluoropropyl)tricyclohepta-
siloxane trisodium silanolate (1) with fluoroalkyltrichlorosilanes in
the presence of triethylamine (Scheme 1). Preparation of corner-
capped POSS products has been shown to be of general utility, as
demonstrated in the seminal reports by Feher et al.'”

Corner capping with commercially available functionalized
fluoroalkyltrichlorosilanes afforded diverse architectures, such as
linear fluoroalkyl chains 2-5, branched structure 6 and branched
ether 7. The preparation of 2 has been reported elsewhere by the
base-catalyzed condensation of (3,3,3-trifluoropropyl)trichlorosi-
lane, albeit in poor yield, requiring an extended reaction time for
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1 R = CH,CH,CF; 2 R = CH,CH,CF,
3 CH,CH,(CF,)sCF
4 CH,CH,(CF,);CF3
5 CH,CH,(CF,)sCF 3
6 CH,CH,CH(CF3),
7 CH,CH,CH,OCF(CF3),
8 CH,
9 CH,CH,CgHs

Scheme 1  Preparation of fluoroalkylsTg corner-capped POSS materials
via condensation with a trisodium silanolate, 1.
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conversion, and leading to a mixture of octahedral (Tg) and
decahedral (To) structures.'® In comparison, this corner capping
methodology offers improved yields (73-83%) of functionalized
compounds 2-7, with the exclusive formation of the desired Tg
cages. This corner-capping methodology can be easily extended to
introduce a POSS with non-fluorinated alkyl 8 and aryl 9 moieties
into a predominantly fluorinated environment; this is useful for
generating materials with hybrid properties. In addition to the full
characterization of 2-9 by employing multinuclear NMR (‘H, *C,
F and ngi),T X-ray structures of 2 and 8 were resolved, as shown
in Fig. 1 and Fig. 2, respectively.'® Furthermore, an interesting
structure—property relationship was observed for compounds 2-5.
Melting points were depressed as fluoroalkyl chain lengths were
increased from compound 2 (234-237 °C) to 3-5 (88-107 °C). The
fact that attempts to grow crystals of 3-5 were difficult may help
explain the observation of lower melting points due to weak crystal
lattice energies. The decrease in melting points is valued for
compatibility in the low temperature melt processing of these
F-POSS compounds for the preparation of polymer blended
nanocomposites.

The crystal structure of 2 could only be obtained as a THF
solvate. In the absence of THF, the crystals rapidly turned
amorphous, indicating that this solvent is necessary for lattice
stabilization. The symmetric unit contains two silicon atoms, Si(1)
and Si(2), which are interconnected via oxygen atom O(1). The
fluoropropyl chain (R = CH,CH,CF3) bonded to Si(1) showed
perfect ordering, while the other fluoropropyl chain bonded to
Si(2) showed two disordered positions. The POSS cage is
completed by symmetry generated Si(1), O(2), and O(3) atoms
along the four-fold inversion axis. The crystal packing of 2 showed
an interesting Si---F interaction (see ESIT). Each of the four
symmetry-generated chains forms a dimeric contact with the
neighbouring POSS molecule via an intermolecular Si(1)---F(3)
distance of 3.48 A. The crystal structure of 8 was also elucidated to
prove the diversity of the corner-capping process; its structure is

Fig. 1 ORTEP representation of 2 at 100 K showing the asymmetric
atoms with displacement ellipsoids shown at 40% probability. All
symmetry-generated atoms are shown as ball-and-stick models.

Fig. 2 ORTEP representation of 8 at 193 K with displacement ellipsoids
shown at 30% probability. Hydrogen atoms are omitted for clarity.

highly disordered, and only one component of this disorder is
shown in Fig. 2.

The hydrophobicity and oleophobicity of the F-POSS solids
were tested using static water drop shape analysis. The relationship
between contact angle and surface energy is governed by Young’s
equation, and relates the interfacial tensions of the surface of a
liquid to its liquid and gas phases.”® Contact angle measurements
were performed on F-POSS coatings prepared from hexafluoro-
benzene solutions that were spin cast onto glass (Fig. 3). The
application of water to these solids showed non-wetting behavior,
with contact angles greater than 90°. Therefore, these solids are
considered hydrophobic and, to some extent, oleophobic. Water
drops did not adhere to the POSS coatings and subsequently rolled
off as the surface was tilted beyond 90°.

The well-adhered, powder-like films possessed nanometer-scale
surface roughness due to solvent evaporation during the spin
coating process, as measured by atomic force microscopy (AFM)
analysis. The surface roughness, in addition to low surface energy
fluorine atoms on the POSS cages, contributes to the non-wetting
behavior.>' As an example, Fig. 4 shows the AFM-generated
surface of 4, with an average measured surface roughness of 20 nm.
This surface morphology was consistent for all of the spin cast
surfaces of F-POSS compounds 2-5.
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Fig. 3 Water and hexadecane contact angles measured on fluoroalkylgTg
POSS (2-9) spin coated surfaces.
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Fig. 4 AFM phase image of 4 (left) taken of a spin cast surface with
nanometer-sized surface roughness (right).

Compared to the fluoro-substituted silsesquioxanes 2-7,
the alkyl 8 and aryl 9 corner-capped analogues showed
approximately a 10% decrease in water contact angle. However,
there was a significant decrease in the hexadecane repellency of
36%, on average, that can be attributed to increased
miscibility between the hydrocarbon chain on POSS and the
hydrocarbon nature of hexadecane. A branched structure, as
shown for 6, was observed to produce the highest degree of
water and oil repellency. Furthermore, hydrophobicity was
most likely lowered for 7 due to hydrogen bonding of the
water drop with the ether functionality. This ether
functionality induces wetting by water, but does not affect the
oleophobicity.

In conclusion, we have prepared a new class of fluorinated
POSS (F-POSS) materials possessing both a high degree of water
and hexadecane repellency. By controlling the degree of fluorine
present and the architecture of the corner cap (Ry) substitution, we
have been able to tune the materials to exhibit desirable wetting
and melting properties. We anticipate that these materials could be
used as drop-in modifiers for composite blends to enhance
mechanical and surface energy properties.
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